1 In subject J.K. (Table I) , it was not possible to pass the right ureteral catheter; therefore, with the left catheter in place, the bladder was used for collection from the right kidney. These conditions are not favorable for reliable collection of urine from the separate kidneys since it is possible that the bladder specimen contains urine that has leaked from the catheterized ureter. When this manner of urine collection is unavoidable, a small amount of indigo carmine can be injected into the ureteral catheter in order to detect leakage. different in the urine from the separate kidneys. The origin of the bladder urine cannot be determined when the concentrations are equal.
All individuals were given 100 mg of sodium pentobarbital intramuscularly 30 minutes prior to cystoscopy. In some instances, the barbiturate was supplemented at the time of cystoscopy by the administration of 25 to 50 mg of meperidine hydrochloride intravenously or 75 to 100 mg intramuscularly. Surgical sterility was maintained throughout the procedure. An antibiotic, either streptomycin or tetracycline, was sometimes administered for 24 to 48 hours preceding the test, and an antibiotic was invariably administered for 72 hours following the test.
Satisfactory flow from both ureteral catheters was usually attained within 15 to 20 minutes after catheterization. Timed urine samples were then collected for the determination of basal sodium, solute and water excretion. After injection of suitable priming doses of inulin (IN) and p-aminohippurate (PAH), a sustaining infusion of these test substances dissolved in distilled water or in 0.85 per cent sodium chloride was administered at a rate of 2 ml per minute.
Urine and appropriately timed venous blood samples were collected during 1, 2 or 3 periods totaling 30 to 40 minutes for the determination of glomerular filtration rate (CIN), renal plasma flow (CPAHI) and sodium, solute and water excretion. This was followed by determination of the maximal tubular excretory capacity for p-aminohippurate (TmPAHR) (3).
Inulin was determined by a modification of Harrison's method (4) and PAH by the method of Smith and associates (5) . Osmolality of plasma and urine was determined by means of a thermistor bridge-null-point-detector unit, using a Johlin freezing point apparatus (6) . Flame photometry employing lithium as an internal standard was used for sodium determinations.
Calculation of derived data. The per cent contribution of sodium and its attendant anions to the total osmolality of the urine was calculated from the osmotic coefficient of sodium chloride, i (7), for each urine sodium concentration:
Per cent = -X 100, Uosm (1) where UNS is the urine sodium concentration in milli-equivalents per liter of urine, and Uo.m is the urine solute concentration in milliosmoles per kilogram of water. 2 Excretion fraction (EF) of sodium or total solute is the percentage of the filtered load excreted in the urine: It is conventional to define "normality" by recourse to probability theory and the use of parametric statistical analysis (mean + standard deviation), but the parametric method has the disadvantage that it is applicable only when the frequency distribution curve approaches the symmetrical or Gaussian form. Since this curve is markedly skewed when an analysis is made of increasing variation between two positive terms, such as differences between the two kidneys, parametric analysis yields negative (and physiologically meaningless) values at mean ± 2 standard deviations. A mathematically more appropriate analysis is available in the nonparametric percentile method which permits analysis of increasing variation between any two positive terms until one term becomes zero (8) . Therefore, we have used the nonparametric percentile method in our analysis of the functional differences between the two kidneys. In addition, however, the same data were analyzed by the conventional parametric method (mean ± standard deviation) (8) .
By any method of statistical analysis, wholly arbitrary limits must be set beyond which "normal" variation passes into the "abnormal," even when comparing the differences 2 Because urine flow was measured in milliliters per minute rather than in grams of water per minute, these and later calculations must neglect the difference between osmolal (i, Po.m and U08m) and osmolar (UN.) concentrations; at physiological concentrations the error thereby introduced is negligible. The error is, however, larger in Equation 3, but may be neglected for our present purposes, especially since we are comparing urine composition between the two kidneys.
between the two kidneys of normotensive subjects. Accordingly, we have arbitrarily identified differences between the two kidneys below the top ninetieth percentile group in variation as normal (or for clinical purposes, as identical). Differences above the ninetieth percentile group, i.e., that 10 per cent of the group which shows the greatest per cent differences, are arbitrarily designated as not identical, or abnormal. This exclusion at the ninetieth percentile is statistically comparable to exclusion beyond the limits: mean ± 1.6 standard deviations. Rather than use the term "abnormal," however, we will refer to the ninetieth percentile group in variation by the noncommital term "disparate," which is to be set against the clinically convenient terms "identical" or "equal."
For describing glomerular filtration rate (GFR), renal plasma flow (RPF) and TmPAH bilaterally (right plus left or R + L), as well as in all derived ratios, we have used the arithmetic means of these values.
RESULTS AND DISCUSSION
Function in the two kidneys in this series of 21 subjects is identical, by our arbitrary definition, in 16 individuals. Tables I and II give the specific functions studied and the differences expressed as percentages. Table III gives the data pertinent to nonparametric analysis, the last column showing the maximal per cent difference at the ninetieth percentile cutoff level. Table IV gives the data on all subjects analyzed by the parametric method.
The advantage of setting arbitrary limits for identical function on the two sides lies in the fact that it invites detailed examination of the most highly aberrant values. It is noteworthy in this respect that all disparities in function beyond the ninetieth percentile levels occur in the same five subjects.3 In two of these five subjects, C.K. and A.D., the left kidney showed proportionately greater GFR, and sodium and total solute excretion, suggesting that this left kidney was larger than the right, an interpretation in conformity with known differences in kidney weight (9, 10 When disparities are found in apparently normal individuals, these may represent the extremes of normal variation, the inclusion of subjects with renal disease, or an effect of instrumentation, i.e., reflex responses or partial obstruction of urine flow by clots or edema of ureteral mucosa. Anatomical studies of kidney weight and size and roentgenographic measurements indicate that the two kidneys are approximately equal, although the mean values are larger for the left kidney (9, 10).
Our physiologic observations agree with these data in that the average values of GFR, RPF, TmPAH, UNaV and Uo.mV are greater for the left kidney than for the right.4 One consequence of a consistent difference in function in respect to GFR and TmPAH is that the derived values of GFR/ TmPAH are the same on both sides. Although most of the individuals in this study were females, the available evidence (9, 10) indicates that the relative magnitude of difference in size and function between the two kidneys is similar in the two sexes.
Our bilateral measurements (calculated as R + L) for GFR agree with the reported average for females determined by bladder catheterization (R + L, 114; bladder, 109 ml per minute) (3). Our lower RPF (R + L, 524; bladder, 592 ml per minute) and increased filtration fraction (21.7 as calculated for each kidney; bladder, 19.4 per cent) may be attributable to reaction from cystoscopy and ureteral catheterization, even though the time from first manipulation to urine collection was in all instances over 60 minutes, or to discomfort from the prolonged recumbent position.
Hix (11) has demonstrated that unilateral trauma to the exteriorized ureters in dogs results in unilateral and ipsilateral reduction in GFR and RPF. We have noted that within a few minutes after catheterization the urine flow was occasionally reduced and remained so for five to ten minutes. This usually occurred at a time when urine flow was initially low and technical difficulty in ureteral catheterization had been encountered.
Differences between the two kidneys in sodium, solute and water excretion during hydropenia and before infusion of test substances were generally of the same order as those present later in the test period (Table V) . In 2 (C.A., I.F.) of 13 observations, there were disparities in the basal excretion of sodium, solute and water which were not confirmed during the infusion of inulin and PAH in saline or water administered at a rate of 2 4. Ureteral catheterization does not induce gross renal hemodynamic changes in normal man. The relative differences between the two kidneys in respect to sodium, solute and water excretion are not altered by the infusion of inulin and p-aminohippurate administered at 2 ml per minute. 
